A cross-sectional survey was carried out on 172 male HH-exposed workers (age 18-60, mean 39.6; exposure duration 0.50-34.17) and 125 male referent workers (age 19-58, mean 40.9) at 5 factories making HH or hydrazine derivatives in Japan. Current exposure concentrations were assessed by determining hydrazine in the breathing zones and urinary hydrazine + acetylhydrazine. The cumulative exposure level was assessed by multiplying the individuals' working durations at the job sites and the estimated past environmental levels at the job sites. Clinical examinations were performed with particular focus on hepatic and renal function tests. N-acetyltransferase (NAT2) phenotypes were assessed. Acute and chronic subjective symptoms related to HH were examined by self-administered questionnaires.
Results: No hydrazine was detected in either the breathing zones or the urine of the referent workers. The mean hydrazine concentration in the breathing zones, hydrazine + acetylhydrazine in urine, and cumulative exposure level were 0. 19) respectively. There was no difference and no dosedependent change in either the means or the prevalence of abnormal findings in health examination items between the HH-exposed and the referent workers after adjusting confounding factors and by means of the differences of NAT2 phenotypes. Among 90 subjective symptoms, complaint of "nightmares" was significantly related to HH exposure. Conclusion: In this study, no health effect regarding current and cumulative HH exposure was observed in the HH-exposed workers when compared to the referent workers. (J Occup Health 1998; 40: 177-185) Keywords: Hydrazine hydrate, NAT2, Polymorphism, Cross-sectional study, Phenotype Hydrazine hydrate (N2H4 • H2O: CAS No. 7803-57-8, abbreviated below as HH) is a colorless, fuming, and oily liquid with an ammonia-like odor. HH is used as a reducing agent, an oxygen scavenger in treatment of boiler water, and as a source for drugs-hydralazine is an anti-tubercular drug-as well as for agricultural chemicals, and other hydrazine derivatives. The consumption of HH was about 12,300 tin Japan in 1995 and about 48,500 tin the world in 1992. Hydrazine (N2H4, CAS No. 302-01-2) is used as a high-energy rocket fuel, though its in this application is limited.
The LD50 by oral administrations were 83 mg/kg in white mice and 129 mg/kg in albino rats'). LD50 by dermal administrations were 164 mg/kg and 140 mg/kg in male and female rabbi ts2). The LC50 after administrations through inhalation for one hour were 9.0 mg/l in male Sprague-Dawley (SD) rats and 5.3 mg/l in female SD rats3). In case reports, although there was no information about environmental concentrations, acute exposure to HH caused hepatic, renal, and neurological dysfunction'). Subchronic or chronic exposure and drinking by mistake induced hepatic, renal, and neurological dysfunction and contact dermatitis-like effects-'). HH exposure for an average of 20 years did not lead an excessive rate of cancer deaths or diseased commonly associated with HHB' 9'. We did not find any carcinogenesis studies of HH, but hydrazine inhalation was found to induce nasal and lung tumors in mice10' ") and in rats"). Based on the positive results of animal studies, hydrazine was classified as Group 2B (possibly carcinogenic to humans) by the International Agency for Research on Cancer (IARC)'33' and as 3A (animal carcinogen) by the American Conference of Governmental and Industrial Hygienists (ACGIH) 14) .
The aim of this cross-sectional study is to clarify the relationship between current and cumulative HH exposure and its health effects by means of the differences of Nacetyltransferase (NAT2) phenotypes.
Subjects and Methods

Study population
The study population included 172 male HH or hydrazine derivative manufacturing workers (HHexposed workers) and 125 referent workers in 5 factories in Japan. Almost none of the HH-exposed workers wore any respiratory protective devices during the regular operations. Most workers worked three shifts. Referent workers were recruited from the same factories and matched by age (± 2 years).
After informing the subjects of the study's outline and items of examination, we obtained their informed consent for collecting blood and urine samples and for gathering the information regarding subjective symptoms required on the questionnaires.
Exposure assessment
HH exposure levels were assessed by determining the amount of hydrazine in the breathing zones and the urinary excretion of hydrazine and acetylhydrazine, the major metabolites of NAT2. HH-exposed workers wore sampling tubes filled with activated charcoal on their collars and sampling pump units on their waists for 8-hr work shifts. Adsorbed hydrazine was determined by a modified method of NIOSH15). In 3 factories where seasonal fluctuations in hydrazine concentrations were expected to be high, HH in the breathing zone was determined twice in hot and cold seasons and the average of 2 measurements was used for analysis.
Urine samples were collected at the end of the individuals' work shifts on the same day as the HH sampling in the breathing zone. Urine samples were immediately frozen and stored at -20°C until analyzed. Hydrazine and acetylhydrazine levels in urine were determined by the method of Timbrell et al.16) . In order to confirm that none of the referent workers had been exposed to HH, air samples from the breathing zone and urine were collected from 27 and 106 of the referent workers, respectively, in the same way as those taken from the HH-exposed workers and the HH-exposure levels were determined.
Although past exposure levels of HH were not systematically measured in all factories, hydrazine concentrations sporadically determined in work sites were available. Thus, the cumulative HH exposure level in each HH-exposed worker was estimated as the product of the hydrazine concentration at the work site multiplied by the length of time the individual had worked at the site. Because the operating length of one plant was short and its workers' exposure levels were expected to be very low, the cumulative exposure level of each worker was not estimated in this factory.
Phenotype of NAT2 Phenotype of NAT2 activity in each worker was assessed by detecting mutations of the NAT2 gene in peripheral leucocytes according to the method of Lin et al.").
Health effect assessment
Subjective symptom assessment: The subjects were asked to complete four types of self-administered questionnaires for subjective symptoms which included the following items: 1) 54 subjective symptoms") and 6 additional symptoms related to HH exposure over the previous 6 months; 2) 11 subjective symptoms complained of before starting daily work, 7 questions about smoking, alcohol consumption, caffeine intake, and symptoms which are induced after caffeine intake (e.g., insomnia, headache) and are indirect indicators of the NAT2 phenotype; 3) 19 subjective symptoms during or after finishing daily work; 4) 19 questions about past and present medical history, medical drug use, health effects induced by exposure to any kind of chemical products or other medications.
Clinical examinations: Blood samples were collected from the antecubital vein. Urinary samples for clinical examinations were also collected at the same time as blood sampling and the hematological and biochemical examinations were performed within a day. Hematological or biochemical items (Table 4) were determined by an automated hemocytometer (SE9000, Sysmex) and an automatic clinical analyzer (736-60, Hitachi, Ltd.). Protein, glucose, bilirubin, ketone body in urine, hepatitis B antigen (HBs-Ag), antibody (HBs-Ab), and hepatitis C antibody (HCV-Ab) in serum were determined.
Prevalence rates of diseases in recent 3 years: In 3 factories, information regarding worker's health insurance claims for the purpose of billing health care cost during 1992 through 1994 was available. We took the data provided in the additional referent workers' medical insurance claims in their factories to obtain a statistical power. We noted diseases possibly related to HH exposure and calculated three-year prevalence rates of the diseases. Risks of the diseases in HH-exposed workers were assessed with rate ratios.
Statistical analysis
One-way ANOVA was applied to compare means of variables with the interval scales between or among groups. For prevalence data, 2 x 2 or m x n table analysis was applied. To adjust the effects of confounding variables, the multiple regression procedure, multiple logistic regression procedure, stratification method, and the matching method were used as needed. 
Results
Study population Forty-eight workers were excluded from the statistical analysis of the hematological, biochemical, and urinary examinations, because 43 were hepatitis B/C antigen or antibody positive (HH-exposed workers HBs-Ag (+) 1, HBs-Ab (+) 13, HCV-Ab (+) 0, Referent workers HBsAg (+) 6, HBs-Ab (+) 20, HCV-Ab (+) 3) and 5 were under the medication of diabetes mellitus. Total number of members analyzed were 140 HH-exposed workers and 109 referent workers. Table 1 shows the characteristics of the study population analyzed. The mean ages of HHexposed workers and referent workers were 39.6 (range: 18-60) and 40.9 years (range: 19-58) respectively. The mean duration of exposure on HH-exposed workers was 13.37 years (range: 0.50-34.17). There was no significant difference between the two groups regarding mean age, educational status, or the amount of alcohol consumption except the higher proportion of heavy smokers among HH-exposed workers.
Exposure assessment
Neither hydrazine nor acetylhydrazine was detected in the samples from the referent workers. Table 2 gives the results for the hydrazine exposure concentration in the breathing zones and the biological exposure indices of the HH-exposed workers. The levels of all samples below detection limits were assigned as half values of the detection limits. The arithmetical mean of the hydrazine concentration was 0.0109 ppm which was over 0.01 ppm of the occupational exposure limits recommended by ACGIH14) and the Japan Society of Occupational Health (tentative value proposed in 1994) 19 ). The number of workers who were exposed to 0.01 ppm or above was 28 (21.5%), and the number exposed to 0.10 ppm or above was 2 (1.5%) of the 130 HH-exposed workers.
Cumulative exposure assessment
The distribution of the cumulative exposure (ppmyears) is illustrated in Fig. 1 . The cumulative hydrazine exposure levels' arithmetical mean was 2.80 ppm-years and the geometric mean was 0.42 ppm-years (range: 0.003-19 ppm-years). Fig. 2 (a)-(d) shows hydrazine concentrations by year estimated from sporadic hydrazine determinations and histories of technological changes or improvements in each work site. Before the 1970's, company records of the concentrations and the workers' experiences in detecting HH's odor whose scent threshold is more than 1 ppm showed the exposure levels at 2 of 4 factories' work sites to be up to or above 1 ppm.
NAT2 phenotype frequency Table 3 shows the results for NAT2 type frequency. There was no difference in the NAT2 phenotype frequency among 5 factories and 3 districts, Shikoku, Tokai, and Hokuriku, in Japan (data not shown) and between the HH-exposed and the referent workers. Health effects assessment Clinical laboratory examinations: Tables 4 and 5 show the mean and standard deviations of clinical laboratory examinations of HH-exposed and referent workers, and the prevalence of workers with values outside the normal ranges. The levels of FFA were significantly higher in the HH-exposed workers than that in the referent workers, while it did not show the difference in the prevalence of workers with values outside the normal ranges and the dose-dependent increase. The levels of potassium were also significantly higher in the HH-exposed workers than those in the referent workers, and the prevalence in the HH-exposed workers with the values of potassium outside the normal range was also higher than that in the referent group. In one factory, a technical problem resulted in the blood samples of a larger number of HH-exposed workers than referent workers showing signs of hemolysis. After excluding the data for this factory, potassium did not show any significant increase in the HH-exposed workers. There were significant differences in the means of AST, ALT, DBil, RBC, and platelet among lower HH-exposed, higher HH-exposed, and referent workers. All of these items showed no exposure-dependent changes and some of them were better values in the HH-exposed workers. Table 6 shows the results of clinical laboratory examinations for cumulative HH exposure levels and NAT2 phenotypes. Workers with cumulative HH exposure levels of 5 ppm-year or above (workers with higher cumulative exposure levels) were 9 years older than the referent workers and 13 years older than those with cumulative exposure levels below 5 ppm-year (workers with lower cumulative exposure levels). The levels of TTT, ZTT, DBil, Alb, HBA1C, potassium, and #2-MG were significantly different in means among workers with higher cumulative exposure, workers with lower cumulative exposure, and referent workers. However, differences in mean levels of only ZTT remained significant after using multiple regression analysis to adjust for the effects of age, education, alcohol intake, and smoking.
Differences in NAT2 phenotypes among the subjects did not affect the results of clinical laboratory examinations.
Subjective symptoms: No significant increase in the prevalence of 90 HH exposure-related symptoms was observed between the HH-exposed workers and the referent workers. However, complaints of "nightmares" were significantly related to HH exposure, and its odds ratio was 3.76 (95% Confidence Interval: 1.39-10.10) after adjusting for age, educational status, alcohol intake, and smoking using multiple logistic regression procedure. No significant increase in the prevalence of such complaints among workers with higher cumulative exposure levels were observed. Differences among NAT2 phenotypes had no effect on the prevalence of the subjective symptoms.
Prevalence of diseases during 1992-1994: The rate ratios of three-year prevalence of viral hepatitis (rate ratio 1.99, 95%CI 1.15-3.43), liver cirrhosis (rate ratio 2.48, 95%CI 1.51-4.08), thyroid disorder (rate ratio 2.48, 95%CI 1.51-4.08), and cerebrovascular disease other than cerebral infarction (rate ratio 2.26, 95%CI 1.35-3.78) wuera cianifirantly orPater Table 3 . Results of NAT2 type of allele or phenotype frequency among all examined hydrazinehydrate-exposed and referent workers HH: hydrazine hydrate. a: Intermediate.
Discussion
In this cross-sectional study, 48 out of 297 workers were excluded from the hematological and biochemical examinations' statistical analyses because of past hepatitis viral infections and because they were under medication for diabetes mellitus. The prevalences of HBs-Ag, HBsAb, and HCV-Ab positive in HH-exposed and referent workers were not significantly different, and these prevalences in both HH-exposed and referent workers were in the range of the normal background levels in Japan 20-22). Because we could not obtain unbiased information about retired or resigned workers with past HH exposure, we could not avoid survival selection bias in the current HH-exposed workers surveyed.
In the hematological and biochemical examinations, the significantly higher levels of FFA in the HH-exposed workers seemed not to be due to the HH exposure because there was no difference in the prevalence of workers with values of FFA outside the normal range and no dosedependent increase and the sampling time was at any time.
As the significance of the levels of potassium in the HHexposed workers disappeared after the exclusion of the data from the factory workers whose blood samples proved hemolytic, it can be suggested that high potassium levels were not due to the HH exposure but due to the hemolysis of blood samples. The significant differences in mean levels of AST, ALT, D-Bil, RBC, and platelet between the HH-exposed and the referent workers were not related to the HH exposure because the differences were not dose-dependent.
As the significant differences in the levels of ZTT, D-Bil, Alb, HbA1c, and r2-MG among higher cumulative exposed, lower cumulative exposed, and referent workers disappeared after adjusting for age, educational status, alcohol intake, and smoking, they were found to be unrelated to the HH exposure but due to the older age in the higher cumulative exposed workers. Significant increase in TTT in the HH-exposed workers disappeared after the adjustment, but this may be by chance since no other liver dysfunction index related to HH exposure. The results of clinical laboratory examinations were not related to the difference among NAT2 phenotypes. Because diagnostic criteria of the diseases mentioned on medical insurance claims are not unified, the prevalence of the diseases in this study includes some uncertainty and its quality is limited. In Japan, however, there is no disease registration system and the medical insurance claims are the only tool for estimating disease prevalence. It seems unlikely that the uncertainty is biased only in the HH-exposed or referent workers, since doctors diagnosing the disease did not know whether their patients were exposed to HH or not, and had no interest in health effects of HH. We therefore thought that analysis of the prevalence by using the medical insurance claims was useful in estimating the trend of disease. The higher rate ratio of hepatitis B/C and liver cirrhosis may be caused by viral infection. Interpretation of higher rate ratios of thyroid disorders and cerebrovascular diseases in the HH-exposed workers is now very difficult because no evidence was found in case studies, a mortality study, and animal experiments that HH exposure increased the risk of effects on the thyroid and cerebrovascular system. Further epidemiological study is necessary in this study population focused on thyroid function and the cerebrovascular system, and personal data collection from each worker diagnosed as thyroid disorder or cerebrovascular disease is also necessary if the problem of privacy protection is to be solved. Abbreviations and units of the items are shown in the Note of Table 4 . (G) indicates that the value were statistically analyzed after converting into the geometric values. a: Referent workers. b: Hydrazine hydrate workers who are estimated to have been exposed less than 5 ppm-year. c: Hydrazine hydrate workers who are estimated to have been exposed 5 ppm-year or above. *, **: p<0.05, 0.01 by ANOVA.
The biological half lives of urinary hydrazine + acetylhydrazine in HH-exposed workers were 1.68 for the rapid acetylation type, 3.01 for the intermediate acetylation type, and 4.46 hr for the slow acetylation type"). Though HH-exposed workers of the slow acetylation type were expected to be more affected than those of the rapid or intermediate acetylation type because of the differences among the half lives of three phenotypes of NAT2, we failed to detect any significant differences in health among these 3 NAT2 phenotypes. The level of HH exposure in this study may be too low to detect differences in the effects of HH exposure among the 3 NAT2 phenotypes.
Conclusion
The results of this cross-sectional study suggested that there was no relation between a current, mean hydrazine concentration of 0.0109 ppm, and cumulative HH exposure and its health effects by means of differences of NAT2 phenotypes.
Further follow-up of this study population or new epidemiological studies consisting of workers with higher HH exposure levels will be necessary to upgrade the information on the health effects of HH exposure in both quality and quantity.
